REMARKS 

Claims 27-28 were rejected under 35 U.S.C. § 103(a) as being unpatentable over llardi et al. (U.S. 
Pat. No. 5,466,389) in view of Kern (Hand Book of Semiconductor Wafer Cleaning Technology) and 
further in view of Sehested et al. (J. Phys. Chem.). While the Office Action states that the Kern 
reference provides a general teaching that hydrogen peroxide is functionally equivalent to ozone, 
hydrogen peroxide is not equivalent to ozone in the current cleaning context as claimed. The 
applicants previously submitted a Declaration of Stefan DeGendt stating that hydrogen peroxide is 
not capable of removing organic photoresist contaminants from silicon substrates. As evidence, the 
applicants submitted with the Declaration of Stefan DeGendt an article by Werner Kern published in 
the Journal of the Electrochemical Society (1990), Vol. 137, pp. 1887-1892, in which Dr. Kern stated 
that hydrogen peroxide would not eliminate the organic photoresist contaminants. Thus, the same 
person who authored the reference upon which the Office Action relies as providing a teaching that 
hydrogen peroxide is equivalent to ozone states that, in fact, the two are not equivalent. 
In addition, the applicants hereby submit the Supplemental Declaration of Stefan DeGendt pursuant 
to 37 C.F.R. §1.132, which was previously submitted in related application serial no. 09/022,834. 
In his Declaration Dr. DeGendt states that "hydrogen peroxide and ozone are not functionally 
equivalent when removing organic contaminants resulting from a previous lithographic step." 
Supplemental Declaration of Stefan DeGendt, 16. Dr. DeGendt provides experimental data in the 
form of a table, as shown in paragraph 8 of his supplemental declaration. In reviewing the data, Dr. 
DeGendt states: 

As shown in the enclosed graph, the amount of resist removed using ozone is orders 
of magnitude greater than the amount of resist removed using hydrogen peroxide. 
As merely one example, the amount of resist removed for ozone at 50 ppm and 
hydrogen peroxide at 50 ppm is 169.8 nm to .1 nm, respectively. This is a 
difference of over three orders of magnitude. Thus, it is my conclusion that in the 
context of removing organic contaminants resulting from a previous lithographic 
step, hydrogen peroxide is not functionally equivalent to ozone. 
Supplemental Declaration of Stefan DeGendt, 110. Thus, based on the cleaning ability of ozone, 
being orders of magnitude greater than hydrogen peroxide at removing the resist, Dr. DeGendt 
concludes that hydrogen peroxide is not equivalent to ozone. Therefore, the applicants respectfully 
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submit that the rejection based on the llardi in view of Kern and Sehested references is improper and 
should be withdrawn. 

Claims 29-33 and 35 were rejected under 35 U.S.C. § 103(a) as being unpatentable over Heyns et 
al. (New Wet Cleaning Strategies for Obtaining Highly Reliable Thin Oxide) in view of llardi et al. (U.S. 
Pat. No. 5,466,389) and Kern (Hand Book of Semiconductor Wafer Cleaning Technology) and further 
in view of Sehested et al. (J. Phys. Chem.). This rejection, like the rejection of claims 27-28 
addressed above, relies on modifying the llardi reference in view of Kern to teach the use of ozone 
rather than hydrogen peroxide. However, as demonstrated above, application of the Kern reference 
is inappropriate here because ozone and hydrogen peroxide are not functionally equivalent when 
removing organic contaminants resulting from a previous lithographic step. Therefore, the 
applicants respectfully request withdrawal of this rejection as well. 

As further evidence of the non-obviousness of the present claims, the applicants draw the Examiner's 
attention to the experiments disclosed on pages 23-25 of the present specification (entitled 
"Application 2"). These experiments present a comparative study of the cleaning efficiency of 
aqueous ozone with and without the scavenger acetic acid and are the sort of experiments described 
in MPEP § 716.02(a). Cleaning data are presented for un-implanted positive and negative resist 
wafers as well as for implanted positive resist wafers. 

The reported data demonstrate that an aqueous ozone solution containing the scavenger acetic acid 
enhanced cleaning efficiency of implanted wafers by 50% relative to an aqueous ozone solution not 
containing acetic acid - 90 nm/min for an acetic acid-containing aqueous ozone solution compared 
to only 60 nm/min for an aqueous ozone solution without acetic acid. Page 24, II. 22-24. 

The specification also reports on p. 24, II. 24-33 and depicts in figure 9 that the addition of the 
scavenger acetic acid to an aqueous ozone solution enhanced the cleaning efficiency of the solution 
by up to 50% on un-implanted negative resist wafers (1.2 nm/(min-ppm) for the acetic acid-containing 
ozone solution compared to only 0.8 nm/(min-ppm) for the aqueous ozone solution without acetic 
acid) and up to 88% on un-implanted positive resist wafers (8.5 nm/(min-ppm) for the acetic acid- 
containing ozone solution compared to only 4.5 nm/Onin-ppm) for the aqueous ozone solution 
without acetic acid). 
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The applicants respectfully submit that the cited art does not teach or suggest that such a high 
degree of improvement in cleaning efficiency of a semiconductor surface by an aqueous ozone 
solution as observed by the applicants could be achieved by adding a scavenger to the solution. 
Consequently, on this basis alone the presently pending claims are not obvious over the cited art. 

In view of the foregoing the applicants respectfully request reconsideration and withdrawal of all 
pending § 103 rejections. 

The applicants acknowledge the provisional double patenting rejections and will take appropriate 
actions once the claims are in their final form and otherwise deemed allowable. 

If there are any questions or comments regarding this Response or application, the Examiner is 
encouraged to contact the undersigned attorney as indicated below. 



Date: October 16, 2003 




Telephone: 312-913-0001 
Facsimile: 312-913-0002 



McDonnell Boehnen Hulbert & Berghoff 

300 South Wacker Drive 
Chicago, IL 60606 
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The Evolution of Silic n Waf r Cleaning Technology 

Werner Kern* 

ABSTRACT 

]„zf„ what has changed is its implementation ^"SrfflT^Jl'n^Sniiltaneous wnoval of both contaminant films 
r^e«^c^Bc£S|u«, and ehcioaad .system P^t^S^^Sc^^itoiwBS^out of toot oeionlzed waier are 
£S ^^fcnpWmem* ^^tfi^n^^^dTSS^^^ iEHtag choline ««*^Ti^*»^ 

£mg irrigated, ^veral ^^^^J^^^^S^^ process- end technology » t»ced and 



Tha importance of cle^ surf^ m ^abn- 

atloix or semiconductor microelectronic debtees 
record since the early days of the 1950s- £ 

^a^on^K^™ to gSerate very dean wtftt sur- 
Khave became critieally iinporUmt. Beades ov«: S^. 
□fVteld losses in Integrated dreuit fabrieatton 
allv^cceptedto be to mierc^ntarmnafaon. Trace iter 
Ss?such as sodium ions, metals, and are 
SociaUv drtfcnental If present on oemiconductor surfaces 
S^jS^-uST^cessmg (thermal ox^bcm, 

afUr photoresist stripping if n«e«*«y *« «••** mask 

level throughout the production process. . , 

Martv wafer cleaning techniques have been tested and 
sevMaf TwnguseflL The generally most wccessfulap- 

S »Sn wafers 
chemical treatments bated on hydrogen peroxide ohaan- 
^ThifpiS ha- remained 

the n«at 25 years, but important advances have 
S^fiad- tate tecbrfcai implementation. The evolution 

from its beginning to the present tune will be traced in this 
paper- 
Type. Origin, and Effects of Contaminants 
impurities em silicon wafer surfaces oecurm tMemttDy 
three forms: (i) containing ^% ( ^°^ *f£r£l 

anions, mostly from inorganic compound. 
physically adsorbed or chemically bonded ^f^orbedi 
,uch sTaodium ions, fluoride ions, ^ ^ormc iona. 

may. consist of silicon particles or metal debris from 

"xhe^urces of impurities are manifold, 
partial-*, which can be detected and 
S^Sn contaminant turns, the major sources arejeauto- 
menC chemicals, factory personnel. ^J?™**^*? 
cesses. For example. mechanical ewiaanent. wwss05«- 
tarsTrurnace tubes, film deposition systems, gas piping, 
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and liquid containers arc cspcoaDy serious sources. 
^h^aTmatorials. liquid and gvuxHi* chemical., and an- 
bSaS^ndtocaui less particle contam^ton;^ all 
Sibuta significantly to the enselM l of contaminant 
rTZ.. stB M- charee built up on wafers and carriers is a 
%Sj^J^L^*2*a* deposition, but is often 
a wtnDdkfiti and not properly dealt with* m 
^SS^tamSt films on wafer ^« 
maajteflcctive cleanlne or rlnslM. cause P^^f^ 
d^ositediaycrt), and lead to harmful decomposition prod- 
SSSmSa organic rams, if neatedtor^ temper* 
K.Widian« stmwiAere, can 
&nn sflieon carbide that can nucleate P<*y«££S^*£ 

^^^^^^^^ ■ 

^cttue ^spread onthe surnce, leading w electrical de- 
SbH^ deflation, and j^^^C 
hUbiy mobile alkali ions may cause-drift <^ u ^" 5 "* d "°7 
rtabJe surface potential, shifts in threshold and flatband 
voS^r^c^rentle^-and may 
breakdown field of thermally grown layers, m tMjpmvth 
S^Snal sflieon layers, aufBcientb/ hiej^eontottons 

eks that are present during fto erowth 

lected papers and reviews (1-13). 

Early Cleaning Procedures 

During the early atages of sflieon «te V**~**l< 
.boutlOTO, one used organic «lv^ ertrartion, boiBng nl. 
rric acid, r-gia, eonc«>traUd hrdrofluanc atnd^and 
Sol ac^nS^SreTS cleamng chemicals, ^urea.^ »^ 
f^o acio^chWie sold led to chromium ««>ntominafaon 
anTeSSrt^ologlcal protaems or msix)sal. MJnuresof 
SuWTacld and hydrogen P~o^ culfor con- 

tnT"^»«"" Aoueous solutions coxtatoinghydrogtt^per. 

abc or by brush scrubbing. 

moved tTorn the waier surtaces. 

1887 



1888 
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Cleaning Processes Based on Hydrogen P roxlde 
Solutions 

Cleaning chemistry.— The first systematically developed 
cleaning process ror bare or oxidized silicon wafers was 
based on & two-step oxidizing and complexing treatment 
with hydrogen peroxide solutions: (i) an alkaline mixture 
at high pH followed by (ii) an acidic mixture at low pH (1). 
The choice of chemicals ww based on ruction chemistry, 
oxidation potentiate, reagent purity, reagent volatility, 
safety, and economy. The process was developed at RCA, 
introduced to device production to 1965, and published in 

In the first treatment step the wafers are exposed to a hot 
mixture of water-diluted hydrogen peroxide and ammo- 
nium hydroxide. This procedure was designed to remove 
organic surface films by oxidative breakdown and dissolu- 
tion to expose the silicon or oxide surface for concurrent 
or subsequent decontamination reactions. Group IB and 
UCB metals and several other metals, including gold, silver, 
copper, nickel, cadmium, zinc cobalt and chromium, are 
dissolved and removed by the complexing effectiveness of 
ammonium hydroxide: copper, for example, forms the 
CuCNHiV 1 amino-complcx. m 

The second Treatment step exposes the rinsed wafer to a 
"not mixture of water-diluted hydrogen peroxide and hy- 
drochloric add. This procedure was designed to remove 
-alkali iona, and cations such as Al*\ Fe , and Mg^ 1 , that 
form NBUOEUnsoluble hydroxides in basic oolutions. This 
second step also eliminates mTaTHr contaminants 
that were not entirely removed by the first treatment, such 
aa gold. Electrochemical displacement replating of heavy 
metals from the solution ie p* u v e nte d by formation of solu- 
ble complexes with the dissolved metal ions. 

Solution compoxirfem, process conditions, and effective- 
ness—The solution compositions are baaed on ultrafil* 
tered deionized water, electronic grade NH4OH (29 weight 
percent (w/o) as NHt), electronic*grade HQ (37 w/o), and 
high-purity ^unstabulzed" H>0» (30%). The hydrogen per- 
oxide must be low in aluminum and stabilizer additives 
(sodium phosphate, sodium stannate, or amino deriva- 
tives) to prevent wafer recontaminaUon. The usual volume 
ratios for the solution used in the first treatment step arc 5 
HaO:l HiO|:l NH+OH; the mixture is known aa "RCA 
standard clean 1 or SCI.*' The usual volume ratios for the 
second solution are <5 H*0:1 HrQ*:l HQ. "RCA standard 
clean 2, or SC-2." Treatments by the original immersion 
technique are typically 10 mtn at 75MMTC in each solution. 
Higher temperatures muct be avoided to minimize exces- 
sive thermal decomposition of the hydrogen peroxide. In- 
termediate and final rinses in uttrafiltered deionized water 

are used. . . 

The cScctivenesa of the process was demonstrated by 
sensitive radioactive tracer measurements with ocvcral ra- 
dionuclides (1, 10) and by capacitance-voltage bias tem- 
perature measurements of MOS capcitors (1). HjOi solu- 
tions are unstable at elevated temperature, especially *t 
high pH, rapidly decomposing to HjO and Oa- The process- 
ing temperature should therefore be kept at 75 # -80*C to suf- 
ficiently activate the mixtures without causing excessively 
fast decomposition. 

Optional processing steps. — A prelimi n a r y clean-up 
treatment with a hot HiSOf-%02 mixture (2:1 vol) can be 
used advantageously ror grossly contaminated wafers hav- 
ing visible residues, such oo photoresist layers. Another 
step, not noted in the original paper U), cone™ an etch in 
HF solution for bore silicon wafers. Since the hydrous 
oxide film from the SC-1 treatment may trap trace impurir 
ties, its removal before the 3C-2 step should be beneficial. 
A Ids immersion in 1% HFJS-O solution is sufficient to re- 
move this film, as evidenced by the chance from the by- 
dropbilic moMf— 1 surface to hydrophobic after otroping. 
However, unless high-purixy and polntrOf-uae ultrafiltered 
and particle-free HF solution is used under controlled con- 
drtiona, mere harm than good can result. A silicon surface 
that was exposed to HF is highly reactive and immediately 
attracts particles and rganic ntaminants from solu- 
tions. DI water, and the ambient air. Contrary to C-l, the 



subsequent SC-2 solution, which has no surfactant acttv. 
ity, will not eliminate these c ntaminants. It may therefore 
be preferable to rely on the dissolution act . n or SC-1 that 
dissolves and regrows the hydrated oxidi layer at about 
the same rote. If the preclean is used, then til 1% HF step 
prior to SC-1 is acceptable since SC-1 will 1 emovc the con- 
taminants. Exposure f bare silicon wafer loHF after SC-2 
should not be done since it would deetroj the paesivated 
surface resulting trom SC-2 and cause reco ntaminati n. 

Immersion technique.— The original RCa cleanine pro- 
cess was based on a simple immersion tee mique. Several 
different and improved techniques have b sen introduc d 
over the years, as win be discussed. The in mcrsion proce- 
dure is done in vessels of fused silica to pre* -ent leaching of 
aluminum, boron, and alkalis if Pyrcx g ass is used. A 
batch of wafers is immersed in the SC-1 0: SC-2 solution 
under the prescribed conditions. The r taction is ter- 
minated by overflow Quenching with cold 1 )I water before 
the wafers are transferred to a flow rinse ay: tern with ultra- 
filtered DI water, followed by spin drying u a wafer centri- 
fuge. Several types of refined wet bench immersion sys- 
tems for automated processing are nov available for 
large-scale production (17-19). 

Centrifugal spray cleaning^In 1875, Flil Corporation 
introduced the first centrifugal spray cloning machine 
specifically designed for automatic operation with cor- 
rosive chemicals. The wafers rotate past a e ationary spray 
column. Filtered acids and reagent soluti >ns, including 
hot SCI. SC-2. and DI water, are pressure- Ted into o mix- 
ing manifold end then directed as a disper ;ed spray onto 
the spinning wafers. The spin-rinsed wafo s are dried by 
high-speed spinning in heated nitrogen. A rt duced volume 
of freshly mixed reagents is used and the p -ocess is faster 
t haw by immersion. The chemical clea n in g efficiency, ac- 
cording to TCI, is comparable with that of i nmersion. but 
particles art removed more efficiently. Imp *oved versions 
of this system (20) and other types of spray ] ■recessing roa- 
r yuTiftfl (17-19) are widely used but tend to rec :uire consider- 
able maintenance. 

Megasonic cleaning. — The original object) ve of the RCA 
cleaning process was the removal of com unman t films 
rather than particles. To complement this echnique, the 
megasonic particle removal system was dev doped at RCA 
and first described in 1979 (21). A highly eXfl:Ctive noncon- 
tact scrubbing action on both front and bael : si de surfacco 
of the wafers is achieved by ultrahigh-fft auency sonic 
energy while the wafers ere submerged in ti c cleaning so- 
lution. The sonic waves of 590-900 kHz are gi aieratedbyan 
array of piexoelectrie transducers. Particles enging in size 
from several micrometers down to about 0 .3 jon can be ef- 
ficiently removed with input power denaitie 1 of 2-9 W/cm*. 
For comparison, ultrasonic systems operate typically at 
20-80 kHz and require power densities of vp to 50 tunes 
tVisfr of the megasonic system but are much less effective 
for removing very small particles. MfegBBUllC cleaning 
waiio ^ possible to remove simultaneous^ contaminant 
fii™ and particles in one operation by comt ining the per- 
oxide treatments with megasonice. The sysiem allows re- 
moval of particles, organic contaminant filnts, and lightly 
adsorbed contaminants with diluted SC-1 solution at the 
ambient bath temperature of only 35"-4TC. Chemi&orbcd 
inorganic, generally require higher tenipei atuies (about 
7(TC) for complete desorption with SC-1 axu SC-2, but no 
quantitative data are available as yet A deb iled paper on 
megasonic wafer cleaning was published in 1089 (mini- 
proved megasonic systems built under licer se from RCA 
have become available in the past Saw years from Vcxtcq, 
Semiconductor Technology, and EsteK. 

Closed system chemical dcantng.-^A system termed 
Fun-Flow-, developed in 1986 by CFM Teeinologies, In- 
corporated, is based on keeping the wafers stationary and 
enclosed to the system during the entire elea oin C , rinsing, 
and drying process (23). The vessel contain! tg the waXers 
is hydraulically controlled to remain filled wi th h ot or odd 
process fluids, including SC-1 and SC-2, that flow sequen- 
tially and contmuously over stationary waf jts loaded m 
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lems encountered when w«f<« are puuea wn 
liquid. 

Chronological Literature Survey 

and verified by various. <^^ d ^^jf? n 1^S 

v»fer cleaning pertain^* .gcofically to bydro S *n perox 
ids solution*, up to nud.iaaa. evaluation 
In 1972 Henderson ^tJ^^Sr^ rf^trondiffimfr 
of SC17SC-3 cleaning, ustog^eb-^By 

odi (34). HU co^a^uUd ^^J^Zir^L treatments, as 
wafer cleanine prior to hi^^SSS »tS by 
long as quarto ware is used for P™^ 3 ^'*' B ^rr sc /, 
loap <w fina i atcb in hf solution alter 

us CM. An Moraonai ww ~rr,JJ_ --j surface roughen- 
SC-2 caused carbon ^Jr"^*™^^^ ofthe 

etching (3)- ™iranca « - «rtarfcin»! faults and can- 
dizmg SI without fieneratinc sxac^n* ^"^^ 

spectroscopy) to dei*rro«MJ£pr"*v» contami- 
Tq^inarvre an SL Cleaned wafers were P u fT~^ 1 r^ZT 
SK* •*■«■ quanta* 

al? «* then «^ V ^^^^S-?SS^ 

traea motels on Si ^^^V^ 1 " <V«u» QtMlnriClaSSlC 
view ofthe subject on the occasion of «~ SlSsii^ 
d^aration ofthe original 1970-paper <S8;£ 

films in 5C-1. The rote of th«rm*uy «i-nifl- 

»- under ££2^jE.2*.£& 
Medea* 7.0 mW ate. or 0.09 nm/min. Under the same 



duced by more than 70*04). 
Bansal (1984, 1985) reported e«=nsWe results £P«*£ 

^SL^S M ActeanteE irtdwu* buffwtd^HF stopping 
inaSwasused to test far the) removal ^^J"™ 
S^Tto «to«rt=i propsrtiei rOTittrt Iran *»° 



tnmt various prtowMcacn dews seem 

proocM (1ft. F*te»°» ii^A^Tr-L sci sc-2. HF) can 
have *f«n^cjrftoctoTO ^S^nwnSnaxian or SCI/ 

SC^aewwu * i ♦ h r«b«cnctt or presence of «n SiO* 

solution* ; » h 2J^^?t^^Sfccte Sorption, P««^- 
Uycr an tlic Si surfooc strong^ 

tion of AltndFe was moat effective wiiniir 
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^toebl^Gould and Irene U989) ^died the etch,ng 

Upsometry. Severe Si surface roughn^ resulted from 
mlSl.^6S with BHF, and JS e ±2?o ?t£ 
ctal (1989) compared particle removal f^°"g^» 
„„, -ip-ninff solutionis. They found that 5:1:1 SC-i effi- 

S^e^naHer thin 0.6 urn ("W) ^«"*%^°?JI^ 
wu decreased to one hair or less, in wiuch ^ bomm« 
reduce efficien^How^. no proccss- 
mh conditions and effects oriow-NH^OH SC-1 on removal 
of choral contaminant filmo were mentioned (SI). 
SLo^al 09M) evaluated effects of solution ch«mstry 

levels not previously attainable (52). 

Alternative Cleaning Technique* 
General.— Many techniques for cleaning s uicon wafers 
t^TS^ tr^ovcr the years with veriow- degrees of sue- 
c^So^SS^es ar^u^ cnay for specific appbea- 
tion3 or may introduce undesirable safe efrtata. ror exam- 
Sffwdischarge techniques (53) such as plasma 
SctoTeffectivelyitrip photoresist fiknsbut 
SS^foSmlBSto and rnetals behind. Various typeeof 
-ouster-etching (53) can cause surface damage. Some tecn- 
S»WremaS ' restricted to certain applications, such- 
pusma treatments for preparing sma^metry devices 
for metallization (54). or wet^hemicaJ ^tchme of toesfl^ 
con to remove entire surface toyers by 
SiM. The followine few techniques have been found via- 
ble and to Se. can be a dU»bl- addition or altar- 
ih^Uesses based on hydrogen peroxide solu- 
tions. 

Brush scruoomo. Jiuid St. ami vUroxnte t**iuVru«*- 
Ttemnoval of large particles < e 0y ,^.«™ g J£$ 
lapping operations) has been accompli-W f^^f^f^ 
tawvrfth wafer scrubbing machines that drfodge part£ 
^Thydrodynamicauy with brushes made of-hydrophina 
^SS^taa) while DI water or iso^xrpyl alco- 
riol Uapphed to the surface (55). A thin layer of fluid r&ust 
^ r^Sd^erwe«i the brush and me waiers by caref£ 
m*dt»nical adjustm-nt to prevent surface oen.tchw»s CM& 
While many contradictory claims have been mad^e C^tf 

organic solvents. The shear forces etpectively^loflge 
submicron particles and penetrate into dense *»P»£g*J> 
aaiaeew the warer can renin with improperly ad- 

3l lSa^ , Sc2uVrues use sonic enere, of MUfajmd 
^ete^Dlodgc particles. HigWrrtensi* «^w^« 
e MM .a*.t» nrMiuM fluctuations that result m cavitation 

dislodge and dims** particles but canaLeo lead to wafer 

oui dSwinfl liquids for removing particle* from wa£c« by 

tor removing polymeric particles, while ethen*l*eeton* 
aa^Ss be* Setter than Freons) for ^HP^c P^Ud^ 
Craning efficiency decreased with decreasing P«*c£ 
Se^unlaue acoustical leaning system utilixin£20 kH* 
fluency and only DI water as medium was introduced 
byEstek in 1986 (IS) but has been abandoned. 

Choline cleaning.— In contrast to the mechanical tech- 

S^^S^uiig is acnemlcal treatment that removes 
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partaelfts and some contaminant filmc but ot i he same time 
appears to add certain contaminants to the surface. Cho- 
SneTwhich is trimcthy J^hydruxycthyl an ^"jnium hy- 
u^de w^^rst proposed by Asano et ol ir 19?6p8)«* 
i~£Sn*nt for inorganic bases fox etching ind cleaning, 
ItuTsbwng and coxro*ive base without al«ui alementa 
and etcher riHconlik ther baaes. A f rtnidation fthe 
™mical ia available from Maumckrod ***** 
OTb^ame "Summa-Clean SC-15 M," which is a dilute 
choline solution containing a surfactant aid methanol. 
EtSuM of Si can be prevented by adding H A as an oxu 
dant (59). There is very little published infon lation on this 
subject most data heme contained in propi^tary technic 
ial reporS with contradictory refiulxs- Po^4 ow engineer. 
^ Junctures an automatic dual-easaotU mpray 
machine that uses a warm choUne-H^x-HtO lajcwreanda 
™water spray rinse (18). In some procedure 
replaces only SC-1 m the RCA cleanliut proo dure. In 1989 
K^touW oxide defect densities « a ftii ictionof vari- 
ous preoadation cleans including choUae-H«0»-K.u. 
HT-HjO t BCA cleana, and UV-oaone (60). 

UV-txecme and other dry-cleaning technic^ Irradiatr 
inc a aurface with shorvwavelenfith UV fro» a^tury 
euarta lamp in the pretence of oxygen it. op wcrrul tccb- 
nioue ror removing many contaminants- Ox /gen absorbs 
LBS nm radiation f drming very active ojone at id atomico^ 
ygen (61). The technique is most suitable for oao^ibiver^ 
»^ of adfioxbed orVmics, ^^5^^ ^ 
for moat inorganics or metals. Therefore, it^sew the past 
h« been limited, in general, to special appli «ions> such 
„GaAi wafer cleaning. Improvements m a ade wa^hea 
have been attained by applying the technio.ue after SC-1/ 
Scll^^^^^^^^ oxidation (62). Ru=yllo 
etcO. aeas) have shown that uv-O, eieaninj: can replace 
SC-1 for removing organic* (83), and i^os reported >m- 
provemenxs in properties of thermal oxide 63 aas (60). 
Hoenig (1988) investigated the use of dry id s -»pw for re- 

tankto aUowed to expand to form dry ice mow, which is 
blown across the surface. The gliding snow it quite ««sc- 
S^tern^anicalry removing particles. Pa aet^n- 
m£ntby electrostatic technique, hasbeen inv ^^^ut 
fbund to be unpractical (12). In 1987 ra Corp jration intro- 
du^l a Socewing system for anhydrous IT gas phase 
Sblng ofoSdTSid ^sScate ftlms.at room ««P«»^ 
^C^pUcanons to device prc<ess»ng were pvb&abcdi » 
isn (wToU The contamination problems i iherent with 
BNU solution- ware -voided and in comltoatton with 
SetJvUone techniquo con-titete. partof ^.^^ 

S^ques: Removal of metallic impurities eoulo.be ac- 
eomplisbed by ur of a remote microwave pi uma (68) . W 
^^Tradlcal techniaues (67) or by r>tot.wducedde. 
^orptiwi in reactont gases (69). These new pr< bemg 
^manned are all deSgned to remove contaminant* *t low 
t£SrS««7«V voSSTcompounds wittwtt damaging 
thesurface. 

Wafer Rinsing and Drying 
The last steps in wafer cleaning are rinsini and drying: 
both! £TJ££*to critical beceuae de.nw.fcr, beccme 
re^tarkinated very easily if not process* .P~P«*y- 
S^afterwet cleaning is done with towir^ W«h- 
fr^rfnd uitrafiltered hiBh-i»fii«nviry DI wai er, usually at 

S»1 Centrifugal .pray rinsing (30) aod nos»5 in a closed 
^uSSK^advantage that the wafers^ not re- 
nioved between cleaning, rmstog, and dryin:. Water dry- 
Sg^rmSg muu be done by plvvsical«tna«»J^nhe 
wstor rattier than by allowfaiS it to evaporate. SP^J^"* 
Jc^SnsSs this aid has been the most widely «»« dte ^- 
n^Ho^rceooir drying is a ptod ^gg 
^s chance for r^cle r^onternin.tac^ Ol. • ^ 
drying ia based on capfllary -ction and 5V ™^. t ™"T r r; 
«^». the water Individual wafers are puD»d out of DI 
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v^por drying wet wafers ere moved into the hot vapor of a 
high-purity solvent, usually XPA (ixopropyl alcohol), which 
displaces the water. The waiters dry quickly and are parti- 
cle-free when the cassette is withdrawn above the hot 
vapor zone. Commercial drying systems for IPA and for 
nonflammable solvent mixtures are available (23, 70). The 
purity of the solvent is extremely imp rtant and the water 
content during processing must be closely controlled, 
preferably by continuous recycling (51, 70). 

Conclusion 

Processes and techniques for cleaning, rinsing, and dry- 
ing bare and -oxide-coated silicon wafers have been re- 
viewed from 'the 1950s to the present. Wet chemical 
cleaning baaed on hydrogen peroxide solutions and imple- 
mented by several techniques is still the main process 
used in industry. However, new wafer surface preparation 
technologies based on dry processing in the gas 0T vapor 
phase are being developed that promise superior results. 

A great deal f research activity is taking place in this 
important area of technology, as evidenced by the sched- 
uled presentation of over 40 papers (not referenced herein) 
at the First International Symposium on Wafer. Cleaning 
rechnol gy in Semiconductor Device Manufacturing, Oc- 
tober 16-18, 1989, at the Electrochemical Society Fall 
Heetxng. 

Manuscript submitted Sept 5, 1983; revised manuscript 
received Dec. 21, 1989. This was Paper 381 presented at the 
Hollywood, FL, Meeting of the Society, Oct 16-18. 1989. 

Lam Research Corporation assisted in mm*ting iK« publi- 
cation costs of this article. 
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